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DRAG MBSA80RSMBRV OP A PRGTHUDI1W .50-OALIBBR 

KAOHXUS 008 WITH BARREL JACX3T REMOVED 

By Arvo A.   Lucnu 

SUKJJARV 

Teats wero made In tho ;,'A;A 6-foot hlr^h-3pood tunnel to 

deternine  the dra^ roduetion possible by eliminating the 

barrel  .laokat  of  u  protruding  .50-oallber alrcrf.ft Run. 

It Was  found  t.-iat  tho drug of a standard  aircraft  ;?un 

prntrudln£» into thfi iur Strean at rl^ht  angles  to tho flow 

oan be reduced by -i} peroent by dlBoarding the our-i-el   jecket. 

At  350 Biles per hour and sea-level conditions  this  vnjunta 

to  a dre,)   In drag fron 63 to  67^. pounds  aad  a deer tact  In 

horse-power absorbed by drag froju Id to 60 horsepower. 

A rouch aurfaoe finish on the barrel v/'ia found to havo 

nc adverse efiVcte  o.-i the dmg of tho barrel.,   tho drKg being 

actual 1;:  It-ss at high Kach numbers.       Iho siRniflcanoe of thj.s 

Is fiat,   as fur ":3  ncrodynanie  considerations ire involved,   a 

barrel finish produaad by a rough staoMning operation is no 

worse - but probably Bonawhat better - thi>n on*' produoad by a 

fine naohlnlng operation. 

I1TTO0PU0TICH 

At  the r^fiuost  of tlie  Buraau of Aeronautics, Tavjr r<flr«ifcicit. 
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tests were made In the HACA 8-foot high-speed tunnel to deter- 

mine  the rip*? reduction possible by eliminating the barrel 

jacket of a protruding ,50-callber alroraft gun.      Acoording 

to the il-ivy Department,  firing tests have shown that tho dis- 

persion puttorns of a .50-oalibnr aircraft gun which had boon 

modi fled  by  r'.inoving the Juck-et  and  substituting a short 

bearing for..'urd of the trunnion are equally ac ,-»ood  as  thus* 

of the standard gun. 

Ii; reference  1 the air drag of a standard  .50-ofcllbor air- 

craft gun was dobnmincd,   ec aell us the basic data nec.scsry to 

permit  the at-isolation or the power tc drive such protruding 

guns when ustd In cower-on*rated turrets.       In the "restnt tests 

similar dr fc:; worn  obtained for a  .50-callb;r >.'lrorii/"t jun with 

the barrel  Jt.cket r^jaoved.       'file effeot on drag of roughness on 

the barrel  sui'faee   (e.g.,   roughness due to cour3e  ;naehlrung 

oner-tlona)  wus also latnrmlnod. 

APPARATUS AITD ME'tfiOLS 

Ihnst tetco were made In the HaO« 6-foot high-s^ead tunnel. 

jSiis Is a single-return,  circular-section,  closed-throat tunnel 

and hae  ar.  airspeed continuously controllable  from approximately 

75 *e moro than 5^° miles per hour. 

A .50-enli'oar airoiv.i't gun, which the Alroraft ,irraanent Unit, 

Uaval Air Station,  Norfolk,  Va., modified by rei-iovlni; the 

barrel  Jacket, wus used In the tests.      However,   the short 

bearing,  which wan  substituted for the barrel  Jt.eicet  and which 
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was located forward  of the trunnion, was not Included on the 

wind-tunnel nodol.       ..'1 tii the sun pivoted as  shown In figure 1 

snd when perpendicular to the air flow,  the bearing would have 

projected  approximately 1 inch Into the stream boundary layer - 

which Is  about 5 Inches thick -  on the tunnel wall,   and  the 

increment of drag due to the protruding part of the bearing in 

the low-vtilcclty air of the boundary layer would be negligible. 

Moreover,  when the gun barrel,  is  swung tlirough an arv*le ron^o, 

tho besrln;- nov^s 0 ampletel* out of tho nlr Etrean.       It was 

decided,   therefore,   not to represent tho boaring on the model. 

The nodel  setup  and  the method of tosting were the onwc is  In 

roferenoa 1.       T'.K- same angle range HI covcrce'. but higher 

speeds wtro inoludod, 

RS3ULTS AIIL. DISCtfbSIOH 

il-io following symbols arc used  (soe fig.  1): 

a anglo made by tht barrel  of the nuohlni   gun with thu 

perpendicular to the  air flow;   the ar.^le  of the j^un is 

I .jsitiv?  tvhen the gun muzzle pointa Into  tho  air ctroi^:i 

L lon^th of gun protruding Into air strewn,  raeusurr.ci  along 

gun axis 

Da        average  luteide diameter of length of barrel     L    pro- 

truding into  uir stream 

A axial  crosii-sectlcn sr«s«  of barrel  In all'  Stress |   this 

ar ja  la equt.1  to    L x ha 



3c 

4 

drug coefficient based  on area    A 

erosc-wlnd force eoaffloient b'ised on area    A;   (aee 

fig. I for definition of positive direction) 

I nroj-ction of length    L    en plane parpendioular t« 

air flow (I = L eoa a) 

d distance, from tpp of tunnel well to center «f pressure 

nf reaultnnt air force on -jia axis, measured parullel 

t*    I 

C_ oenter-of-presaure noefflel.mt   (d/l) 

V0 velocity in tlje unrtisturbod stream 

a spcod of aound 

M Hneh number  (V„/a) 

The div.n;, eross-wlnc force,   and conter-of-jTaozurs coef- 

ficients for ti'.c  .50-oullber rutchine .run without barrel jacket 

are show:: plotted  against Much number in figure 2 for ftever&l 

angles    a.      As V.T.B the sate in reference 1,  tho foreo ooof- 

floiente ar-   baaed  on the axial  erose-scotion aroa of tho  gun 

in the air stream.       The area of the plain barrel is about 

53 nnrount loss than the oorrespending area of the atnnrtard 

gun. 

A cor.t.-arieon of the drag coefficient variation with IJaeh 

number  (fig. k) fcr equal positive end negative values of 

angle ahowu quite unexpected differences.      Except for an 

angle of 60",  the curves for angles with tho >;un barrel 

pointing rift ah*w the sharp rise in dn..t coefficient 
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aseoolntod with Much nunbor pffoeta for speeds beyond tho 

critical spood.       For th-a forward   (positive)   entries,  however, 

thlO rlM in drag coefficient Is much more gradual or entirely 

Xaektngi       .ui explanation for thla difference is not poaeible 

Iv-Au ttie  -lata obtained.       Zt nay bo suggested,  however,  that, 

in edition to the oonplioation of three-dlm'.-nEloma flow, 

tho  fcr.oor in  the  run barrel  ann  the air leakage  through tho 

sisall clntrence gap between the gun barrel and the tunnel 

wall mny have produced - or  aided  In Toducinit -  sufficient 

change  in the type  of i.lr flow,   anri hence separation phenomena, 

about  tho gun  to aooivuit for the difference  In drag behavior 

for positive and negative anslf-s.      Ono effect of taper In the 

barrel ic thut sections of the barrel expesod to the air  flow 

are more sr.r<sar<linedwhen the gun points  aft thw. when it  ".->inte 

forward.       Also,  when  tho rjur. riolnt:; forv/ard there is  a cross- 

flow tr.ndtncy toward tho brooeh end and,  when it points  aft, 

toward the Muasla end; 

Prom tho data of figure 2 it la evidont that criticaL 

Reynolds nunbor effects,  eh«rnct<?r>lzed by an appreciable de- 

crease In rirn£ coefficient with increase In Reynold* number as 

exemplified by the dray data fcr the unslotted replica of 

referenoe 1,   r!id not develop for the plain barrel because  of 

the onsot  of compressibility vhenomona at thoso  apoade at 

which the drag decrease oould be ex> eoted.       Fcr u given size 

of cylinder, oriticil Reynolds numbar effucte  car. be .aude  to 

• .- 

—- -  i - 
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occur at lower velocities by increasing the initial turbulence 

of the stream or by introducing roughness on the surface of 

the oyiii.dir (reference 2).  Recourse wt.a made to the 

second of there nethods in an effort to decroaso the. barrel 

drat;.   Roughness was produced by she UaoW.iv: the barrel sur • 

face and Cher dusting no. 60 carborundum grains unifornly on 

the vet ohellro.   j&en dry, the shellac firmly bended the 

grains to the b&rrcl surface.  AS  figure 2 iliuatruten, the 

disturbance to the air flow introduced by the o*rborundun 

particles was not sufficiently groat to decrease the crJ.tic.l 

Reynolds number.   A larger Elze of carborundum grain may h«vo 

shew/n n:re favorable results.  However, the test doss brine 

out the fact that the drai^ of the burr-el ia not adversely 

affected by roughness, bein/5 actually less ut high Maoh num- 

bers.   Tills moons thut, AS far as aerodynamic considerations 

are involved, a b-rrel flnlu.* produoed by a rou;*h r.aohinln^ 

operation is no worae - but probably •ORSWhmt better - than one 

produced by a fine machlnln:; onerntlon. 

The drri* coefficient of the aluin barrel is about 29 per- 

cent greater than that of the stand-ir'": gun, but, since the ex- 

posed urea in the air stream is reduced by JQ percent ..hen the 

barrel Jacket is eliminated, thero is an appreciable drop in 

pounds of drug for the gun without the jco'cet.  The propor 

comparison of the drag of the machine gun with and without 

barrel jacket in breught out in fl.ruro z  in which aotuul drag 

•- 
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in pounds Is plotted against  speed for aer.-levcl conditions. 

Pif5ures  3 c^* h- •*« basod  on the drr.g coefficient dat& of 

figure 2  rnd rcferonce 1 for    a • 0°.       In converting to  sea- 

levol  conditions,   the data wore computed for the correct  Muotl 

number.       The Reynold a nurcber for  tht> fli^rt Sea*level  example 

differs silently frora tho values  obtained In the wind-tunnel 

test at the 3a1.tr- Mash nirabtr,   but the  effect  of this  difference 

is inappreciable  on tho v.'.luo  of th-: c'ru^-for-ie reduction due 

to the elimination of tho Jacket.      By eliminating the barrel 

Jacket it ic aoen thnt thn drag of the gun when vertical to the 

air flow it  reduced by 2J percent.       At 3'jC iailcs per ".lour the 

drop in drcp  i.-> frora 83 pounds to S!(. pounds.       iJ.so included 

In fifur« 3 i3 the dri.jr  of the barrel when roughened with 

earborund'.sr. grains.       Above ^.JO miles per hour there is  a de- 

crease in ar>i/j cuo to rourfrness on the  sur-faee.       This 

improvement may be due  to les3 <idvart,e  separation oharaoter- 

i8tios when roughnasa is introduced.      Fitwre U. shows the 

horsepower e.bs.->rbsd  In air dr*r; by H machine gun with  and, 

without barrel   Jacket.       ia.i!!iln».itin~ tho brrrei   Jacicot  de- 

oreases  the horsepower absorbed in drt»£ frcn 7d to  6(3 horse- 

power &t 35^ nil en per hour. 

The cr.nter-of-nreesure data shown In figure 2 are  sone- 

what less aoourate because of snail er forces  than the corre- 

sponding: dfitii for the  standard gun of refrr-nco 1.      The    Cp 

curve for 60° aft wnjs not fnlrod because  of tho roetter of the 

t«*st nolnts. 
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ooMcraxon 
By f llninhtliic the barrel jacket of a  .50-oaliber air- 

craft gun,   the Crag wes reduced 23 percent;  or,   at 350 miles 

per hour end soa-level ctnf.lciors,  tre di-pg decreased from 

8j to 614. pounds. 

A rough surface finish on the gun DOITS 1 hrd no adverse 

effects on the brag. 

Langley Memorial Aeronautical Tj&borntcry, 
Nationel Advisory Coumittoe for j.oroncutioe, 

Langley Field,  Vi>.,  January 26,  19U.3. 
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